Background: Orthodontic diagnostic standards generally use the cranial base as a reference and rely on samples selected by orthodontists. Objective: The purpose of this study was to provide male and female standards for a novel nonradiographic approach for orthodontic diagnosis that utilizes 3D dentofacial photogrammetry using the eyes and natural head orientation as references instead of the cranial base. Methods: One hundred and eighty females and 200 males between the ages of 18 and 35 years from 2 modeling agencies were orthodontically screened for near ideal occlusion. Subjects that met the inclusion criteria were rated by a sample of 40 lay people for attractiveness on a visual analogue scale. The final sample that had 3D facial and dental imaging included 49 subjects 25 males and 24 females with near ideal occlusion and considered attractive by the public. Results: Inter and Intra-examiner ICC were greater than 0.8 for both landmarking and indexing. Relative to a coronal plane contacting the pupils (MC), the mean sagittal position of the alar curvature (representing the nasomaxillary complex) was 14.36 ± 3.08 mm in males and 12.4 ± 3.58 mm in females. The sagittal position of soft tissue pogonion relative to the pupils was 14.84 ± 3.63 mm in males and 12.78 ± 5.68 mm in females. The angle between the alar curvature and pogonion relative to the pupils was 9° in males and 10° in females. With the exception of the occlusal plane which was steeper in females, no ratios or angular facial measurements showed a significant gender difference. Relative to MC, males had more proclined upper incisors (20° vs 16°) and more retroclined Lower incisors (27° vs 31°; P > 0.05). A Procrustes ANOVA and permutation test showed that the shapes of males and females are different enough to be considered two distinct populations. Conclusions: 1. When using the proposed method for orthodontic diagnosis, male and female patients should be compared to their respective dentofacial standards. 2. Validation of the proposed method and standards on an orthodontic population is underway to determine the scope its use.
Introduction
Despite significant technological advances, orthodontic diagnosis is still heavily dependent on comparing two dimensional radiographic measurements to reference values that do not necessarily represent what orthodontic patients seek. Even practices that routinely take cone beam radiographs end up reconstructing two dimensional images and perform traditional measurements (1) .
Most cephalometric 'norms' are neither the average of the population nor what the public finds attractive since almost all the subjects included were selected based on the author of a particular analysis's judgment of the occlusion and/or the face (2) . Orthodontists may be the best candidates for judging the occlusion but their perception of facial aesthetics can be influenced by their training and may not represent what the public finds attractive. This was demonstrated by Peck and Peck in 1970 when they demonstrated that cephalometric measurements of people the public considered attractive at that time were generally 'fuller and more protrusive' than the reference values of the commonly used cephalometric analyses (2) . So, what do our patients consider attractive? Neotenized (childish) faces were found to be consistently more attractive regardless of the subject's actual age (3) (4) (5) . Another feature of an attractive face is symmetry. Studies have found that symmetric faces were more attractive than asymmetric faces (6) (7) (8) . Averageness was also found to be an essential feature of an attractive face. Sir Francis Galton introduced the average hypothesis of facial beauty in 1879. His research was originally aimed at trying to find the typical 'criminal face' by overlaying multiple images of prisoners and criminals on a photographic plate and accidentally stumbled upon the fact that the composite faces were more attractive than any of the individual faces (9) . Further research in this area proved that average faces created by combining different faces are considered more attractive than individual faces (6) . Langlois and Roggman produced computer-generated composite images of 32 faces, which were then ranked by adult lay people for attractiveness (10) . The averaged composite was judged by lay people as significantly more attractive than the individual faces that yielded them. This concept was later confirmed in the orthodontic literature by Spyropoulos et al. (11) . Rubenstein et al. concluded that 'Averageness is the only characteristic discovered to date which is both necessary and sufficient to ensure facial attractiveness' (12) . A study that included over 100 000 respondents sorting standardized faces of women based on attractiveness found significant agreement across different ages, occupations, and gender (13) . Research has also shown large agreement on characteristics of attractive faces across different racial and ethnic backgrounds (14) . Facial averageness and symmetry were found to be attractive in Western and non-Western cultures. There was also no preference for own race composites over other races or mixed race composites (15) .
Due to increased population mobility, pure races are encountered much less frequently in orthodontic practices, especially in metropolitan areas. People are starting to see a greater variety of faces, which is changing their perception of facial aesthetics. In 1991, Time magazine had a cover story that used computer software to create a female image of a multiethnic face representing the 'New Face of America'. The face that appeared on the cover of that issue was 15 per cent Anglo-Saxon, 17.5 per cent Middle Eastern, 17.5 per cent African, 7.5 per cent Asian, 35 per cent Southern European, and 7.5 per cent Hispanic. This publication argued that with globalization, Eastern, and Western perceptions of beauty are merging to produce a global standard of beauty (16) . In 2003, Newsweek considered their November cover girl, Saira Mohan, as the new global face of beauty who was of mixed ancestry, French-Irish-Canadian and North Indian, Punjab (17) .
In 1876, Darwin first described the term Heterosis (hybrid vigor) which is a phenomenon predicting genetically fitter offspring as a result of cross-breeding. In 2010, M. Lewis tested that hypothesis on attractiveness and found that people from mixed races were considered more attractive than pure races in a random sample of 1205 people (18) .
Most cephalometric analyses rely on Broadbent's research demonstrating that the cranial base at sella is the most stable of the cephalometric landmarks that he examined (19) . Although sella is relatively stable overtime within an individual, it shows a great deal of individual variation making its value in comparing different individuals questionable (20) (21) (22) ). Bjork's implant studies have shown that Nasion which is an integral part of many hard and soft tissue analyses shows significant growth in an upward and forward direction (23) . Research has shown that information from cephalometric radiographs had no impact on treatment planning decision regardless of the number of years of clinical experience (24, 25) . There is an obvious benefit to being able to describe and quantify skeletal and dental discrepancies but if it has no impact on the treatment plan chosen, alternatives that do not involve subjecting patients to radiation should be considered. Many studies have demonstrated the reproducibility of natural head orientation which was used by Moorrees et al. as the basis for the Mesh analysis (21, 22, 26) . Although the Moorrees Mesh used a cephalometric radiograph, it relied on natural head orientation as a reference. The eyes are another candidate for a non-radiographic reference since it is part of the neural tissue that completes its growth early in life with less than 2 mm of change between the ages of 5 and 19 years (27, 28) . Previous studies have reported 3D facial photogrammetry standards, as well as the accuracy of soft tissue landmarking (29) (30) (31) . Rosati et al. demonstrated the reproducibility of indexing the teeth to the face (32) , no study to date has provided a non-radiographic 3D-dentofacial standard with an extra-cranial reference than can potentially replace cephalometric standards for routine orthodontic diagnoses and treatment planning.
In light of the development of new 3D-imaging technology and regulations that limit the orthodontists ability to take radiographic images especially for final evaluation of results, the purpose of this study is to develop reference values for a diagnostic method and analysis which utilizes the eyes and natural head orientation as reference instead of the cranial base. The objective is to develop a nonradiographic dentofacial standard with the aesthetic ideals that the public consider attractive as well as the functional occlusal relationships that are valued by the orthodontic profession.
Materials and methods
The protocol for this study was approved by the institutional review board of the Boston University Henry M Goldman School of Dental Medicine and Harvard Medical School with the face models considered paid contractors and people taking the surveys considered human subjects. All the attractiveness surveys were kept anonymous with no way of going back to the evaluators so the project was approved as 'exempt'. The IRB protocol # is H-31863.
One hundred and eighty females and 200 males between the ages of 18 and 35 years were recruited from 3 modeling agencies in the greater Boston area. All subjects were orthodontically screened for near ideal occlusion. This was defined by the following inclusion criteria: 1. less than 3 mm crowding or spacing, 2. no missing teeth other than the third molars, 3. overjet between 1.5 and 3 mm, 4. overbite between 1.5 and 3 mm, 5. Class I canine and molar relationships (±1.5 mm), and 6. a centric relation-centric occlusion (CR-CO) discrepancy less than 1 mm. All models that satisfied the orthodontic inclusion criteria had three standard facial photographs taken (Figure 1 ). To minimize distractions, black and white images were used and hair was moved away from the face. The photographs of the orthodontically screened subgroup of the sample were shown to a random sample of lay people between the ages of 18 and 35 years. The raters were lay people on the streets of Boston that were offered a $10 gift card to compensate them for their time. The only exclusion criteria for raters was being from the dental profession or any medical profession that worked with the face. The raters graded the faces based on facial attractiveness on a visual analogue scale and had to decide whether or not they considered each face 'acceptable'.
For the female attractiveness surveys, 21 of the 41 raters were female and 20 were male with a mean age of 27 and a standard deviation of 4.77. The mean age for the female raters was 28.86 with a standard deviation of 3.95. The mean age for the male raters was 23.65 with a standard deviation of 4.9. About 14 of the raters for the female surveys were Asian, 14 were Caucasian, 5 were African American, 5 were Hispanic, and 3 were Indian (Indian Subcontinent).
For the male attractiveness surveys, 20 of the 40 evaluators were female and 20 were male with a mean age of 24.075 and a standard deviation of 6.6. The mean age of the female raters was 24.55 with a standard deviation of 5.30, and mean age for the male raters was 23.6 with a standard deviation of 7.81. About 14 of the raters for the male surveys were Asian, 11 were Caucasian, 8 were Hispanic, 3 were African American, and 4 were Indian.
All the models that met the orthodontic inclusion criteria and were considered to have acceptable profiles by 60 per cent of the raters with an average visual analogue scale score greater than 5.8 were invited to come in for dental and facial 3D imaging. The models were considered paid contractors and received between $125 and $150 for the 30-minute clinical session as well as parking. The modeling agency contracting the models signed on a release for all images taken during the sessions. The 3D facial images were captured using the Vectra M3 imaging system (Canfield Scientific, Fairfield, New Jersey, USA). All the facial images were taken in natural head orientation determined by having the patient look at him or herself in a mirror mounted on the 3D imaging unit at eye level. Occasionally, the operator needed to make some minor adjustments in the subjects' head position to get them looking towards the horizon. Recording natural head orientation using this method and the resulting true horizontal line have been shown to be reproducible to within 2 degrees and don't involve the errors resulting from anatomical individual variation in landmarks associated with other reference lines such as sella-nasion and Frankfurt horizontal (21, 22, 26) .
Unlike variations in the position of sella, for example, the patient's natural head orientation is visible to others and affects a patient's appearance. The relaxed-lip photographs were taken with the teeth together and the lips at rest. The smile photographs were taken with the patients demonstrating a full smile with the premolars showing and wrinkles on the sides of the face. The teeth were dried with gauze prior to taking the smiling photographs to minimize reflection and facilitate landmarking. The dental images were obtained by scanning polyvinyl siloxane impressions and bite registrations using a desktop scanner (Motion View Software, LLC, Hixson, Tennessee, USA). A leaf gage was used to make sure there was no CR-CO discrepancy greater than 1 mm. The facial and dental images were imported into a customized version of Facial Insight 3D (Motion View Software, LLC) for indexing and landmarking. The teeth were landmarked as described by Andrews and Huanca Ghislanzoni et al. (33, 34) . The long axes of each tooth were determined using a line connecting the center of the incisal edge/occlusal surface to a point way between the labial and lingual gingival limits of the facial axis of the clinical crown line. The facial landmarking was done as described by Plooij et al. and Farkas et al. (31, 35) . The mandibular and maxillary teeth were indexed using the bite registration, and the maxillary teeth were indexed to the smiling photographs using the cusp tips, incisal edges, incisal embrasures, and gingival embrasures ( Figure 2B ). The smiling facial image which had already been indexed to the teeth was then indexed to the image with the lips at rest using the centers of the pupils, the inner canthi, the limits of the eye brows, and the zenith of the eye brows ( Figure 2C ). The smiling image could then be removed and the face at rest can be made transparent to visualize the teeth relative to the lips ( Figure 2D ). Supplemental Tables 1,2,3 and 4 describe the landmarks, lines, and planes digitized on each subject.
The (0,0,0) point on the X,Y,Z grid was marked midway between the pupils (M point). A coronal plane perpendicular to true horizontal touching pupils (MC) was used to for sagittal measurements ( Figure 3A ). An axial plane parallel to true horizontal though the centers of the pupils (MA) was used for vertical measurements ( Figure 3B ), and a sagittal plane perpendicular to the other two plane running through M point (MS) was used for transverse measurements ( Figure 3C ). The mandibular plane was measured by connecting the soft tissue gonial angles to soft tissue menton. A generalized Procrustes analysis was done to eliminate size and positional differences between the models to produce an average female face and an average male face. The male and female average faces were then then similarly scaled to each other and superimposed to quantify gender differences in shape.
Statistical analysis
The intra-class correlation coefficient (ICC) was used to evaluate inter-and intra-examiner reliability for landmarking and indexing. Tests of normality were conducted using the Kolmogorov-Smirnov tests to permit the use of parametric statistics. The mean and standard deviation for each measurement was calculated for the males and females and Student t-test was used evaluate gender differences for each measurement. These statistical tests were conducted using SPSS Version 22.0 software (IBM Corp, New York City, New York, USA).
Each gender's dentofacial images were averaged using a generalized Procrustes analysis to determine the average location of each facial landmark after eliminating variations in size, translation, and rotation (36, 37) . The Procrustes-aligned landmark-coordinates, individual IDs, and individual sex classification were stored in a comma separated value file. This file was imported into the R statistical computing environment (R Development Core Team 2016). The landmark-coordinates were converted into a numeric matrix. The factor 'sex' was created, classifying individuals into two levels, male or female. To test the null hypothesis of no shape difference between males and females, a Procrustes analysis of variance (ANOVA) was conducted using the matrix of shape variables as a function of the sex factor. Procrustes ANOVA was conducted using the procD.lm function in the R-package geomorph (38) . A permutation test was used to compute the P values (10 000 permutations). This procedure is identical to non-parametric multivariate analysis of variance detailed by Anderson (39) .
Shape variables derived from the Procrustes procedure were multivariate-normally distributed (MVN). Nonetheless, to avoid deviations from MVN distribution assumptions, we did not compute our P-values through a traditional parametric multivariate ANOVA (MANOVA). Instead, our P-values were calculated through a non-parametric MANOVA using permutation (39) .
Procrustes ANOVA provided an F-statistic, signifying the ratio of the Between-to-Within group variation. A large F-statistic with P-value <0.05 would mean that there is a statistically significant difference in shape between males and females.
Because of the multidimensional nature of the shape variables, a principal components analysis (PCA) was conducted to visualize the variation between male and female facial shape.
Results
Of the 380 models that were screened, 180 were female and 200 were male. Of that group, 60 females and 64 males met the orthodontic inclusion criteria. A total of 34 females and 30 males that satisfied the inclusion criteria upon initial screening were considered to have acceptable faces by over 60 per cent of the evaluators and had an average visual analogue scale of 5.8 or higher. Four female models and one male model that had passed the initial screening were excluded upon closer examination of their teeth. One of the subjects was found to have a missing lower incisor, two of them had a partial class II relationship on one side, and two of the subjects had a single molar in lingual crossbite. Nine models did not come for their imaging sessions so the final sample that made up the standard included 25 males and 24 female subjects.
About 9 of the 24 female models identified themselves as Caucasian and the rest of the models had one parent that was African American, or Hispanic, or Middle Eastern. The mean age for the female models was 20.9 years with a standard deviation of 2.8 years.
About 17 of the male models identified themselves as Caucasian, 3 as Asian, 2 as Hispanic, 2 as African American, and 1 as Indian. The mean age for the male models was 25.4 years with a standard deviation of 4.01 years.
Inter-and intra-examiner reliability (ICC) measurements were greater than 0.9 for landmarking and indexing with the exception of measurements depending on landmarks located on long curved surfaces like gonion being less reproducible but still having ICC measurements above 0.8. Table 1 shows the male and female mean and standard deviations for each of measurements in the analysis as well as whether or not there were significant differences between the males and females measurements. Figure 4 shows two visual representation of the average female.
Most vertical, and transverse linear facial measurements were significantly greater in males than females (Table 1) . Although males had greater chin projection than females relative to a coronal pupillary plane this linear measurement did not have statistically significant gender difference. Relative to a coronal plane contacting the pupils (MC), the mean sagittal position of the alar curvature (which represented the nasomaxillary complex) was 14.36 mm ± 3.08 mm in males and 12.4 mm ± 3.58 mm in females. The sagittal position of soft tissue pogonion was 14.84 mm ± 3.63 mm in males and 12.78 mm ± 5.68 mm in femlaes. In both males and females, soft tissue pogonion was about 0.5 mm more anterior than the alar curvature. With the exception of the occlusal plane which was significantly steeper in females than males, no ratios or angular facial measurements showed a significant gender difference. The angle between the alar curvature and pogonion relative to the pupils and the angle between soft tissue A point and B point relative to the pupils were used to relate the upper jaw to the lower jaw. Both angles were about 9 degrees in males and 10 degrees in females. Dental linear measurements were significantly greater in males than females in the vertical and transverse dimensions but not the sagittal dimension. Males had more proclined upper incisors relative to MC (20° versus 16°) and more retroclined lower incisors relative to MC (27° versus 31°). Although the difference between the male and female upper incisor inclination relative to MC approached statistical significance, none of the sagittal dental measurements demonstrated a statistically significant gender difference. Table 1 .
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The Procrustes ANOVA and permutation test (Table 2 ) resulted in an F-statistic of 14.893, with P-value = 0.0001. The results are statistically significant indicating that the shapes of males and females are different enough to be considered two different populations.
The PCA results in Figure 5 represent the shape space, where male shape is in red color and female shape is in black color. Below, a plot shows the first (x-axis) and second (y-axis) PCs, which account for 46.249 per cent of the variation. The plot shows that males and females occupy very different areas in shape space, supporting the F-statistic and P-value results. Figure 6 shows the Procrustes alignment of the male and female landmarks with directional arrows representing the nature of the difference.
Discussion
The aim of this paper was to provide male and female dentofacial reference values for a non-radiation orthodontic diagnostic that uses the eyes and natural head orientation as references instead of the cranial base. Comparing a patient's values to these reference values can help the practitioner determine the relative position and orientation of the patient's dental and facial structures. Han et al. showed that in the majority of cases the study models alone provided enough information for treatment planning; with the diagnostic standard being achieved in 55per cent of the cases with the study models alone and 59.9 per cent with the addition of photographs, panoramic, and cephalometric radiographs (40) (41) .
Since colored intra-oral scanning is now available, they could substitute our traditional impressions as well as our intraoral photographs. The orthodontic specialty has recently struggled to describe standard of care records. A recent systematic review of records needed for orthodontic diagnosis concluded that cephalometric radiographs should not be routine taken for orthodontic patients but that the minimum set of records needed to diagnose an orthodontic patient could not be determined (42) . Radiographic exposure guidelines prohibit the 'routine' use of any ionizing radiation and require an assessment of whether or not the patient will directly benefit from a minimal exposure to a particular area of interest (43) (44) (45) (46) (47) (48) . A routine cephalometric radiograph that includes the eyes and the entire cranium would not pass that test. There are alternatives to using the cranial base as a reference and orthodontists cannot affect any anatomical structures above the nose. Some countries have already passed legislation that prohibits taking a cephalometric radiograph after the completion of orthodontic treatment (44, 45) . We propose a colored intra-oral scan combined with a 3D facial scan and radiographs limited to the area being affected by treatment as the standard of care.
A baseline panoramic radiograph can often serve that purpose. However, as the effective dose of a CBCT limited to the dental arches approaches that of a panoramic radiograph, it may become suitable substitute that can provide additional relevant information about the roots and surrounding structures (49) . The limited field CBCT of the dental arches can be indexed to the intraoral images as described above for the smiling 3D photograph. If the practitioner needs additional information to view alveolar bone level, a major skeletal discrepancy, or the temporomandibular joint, the field of view and resolution can be modified accordingly.
An obvious disadvantage to this method is the lack of precise information about root position. Studies have shown the average difference between the angle of the crown and the angle of the root is 0 degrees with the maximum difference reported to be 6 degrees (50, 51) . Moreover, supplementing these records with a CBCT of the upper and lower arches instead of a panoramic radiograph would provide this information if it is determined to be necessary.
Although orthodontic criteria were used in prescreening the models for ideal dental relationships, the opinion of the general public was used to select the faces ultimately used for the standard. The orthodontic opinion of the face is of little value since patients generally want their faces to be attractive to the general public and are not as concerned with many of the facial relationships orthodontists are conditioned to value. This selection process represents a dentofacial aesthetic ideal, and the standard measurements in this article are neither normative values nor average values for the entire populations. As with traditional reference values, not every patient can or should be treated to them. They merely serve as a tool to describe how a patient deviates from what the public considers attractive and aid the orthodontist in making treatment decision that would maximize the aesthetic outcome. There are definitely situations in which normative data for a specific population would be useful and the development of age and race specific normative data is currently underway. Subjects who received non-extraction orthodontic treatment were not excluded from the study since the way the patients' teeth got to what is considered orthodontically acceptable has little impact on the outcome.
The study did exclude patients with extractions to make it possible to include the molars in the analysis. One could argue that this biased the sample towards fuller profiles. However, this probably had little effect on the outcome. The percentage of Class I orthodontic patients treated with extractions is just over 25 per cent, and including subjects with extractions does not necessarily result in more retrusive profiles (52, 53) . There are plenty of protrusive profiles that have had extractions and plenty of retrusive profiles that have not had extractions.
At the time this sample was selected, there were no portable 3D facial scanners that we could use during screening. As a result, the lay people got to select their preferred faces based on two dimensional frontal and profile images which was not ideal. In retrospect, a ¾ facial view should have been added to the images being evaluated by the public.
The standard deviations of the sample in this study were comparable to those from traditional cephalometric analyses as well other 3D facial standards even though the other samples were much more homogenous and often selected by a single person (2, 21, 54, 55) . Many classic standards did not report sexual dimorphism and had a single standard that was used for both males and females (2, 54) . McNamara reported males having a greater mean mandibular length than females but did not report whether or not the difference was statistically significant (55). Kochel et al. reported soft tissue B point and soft tissue pogonion being more prominent in males than females relative to nasion perpendicular with no statistically significant difference between the two (29) . Even after adjusting for size, position, and orientation, the data analysis does show that males and females are significantly different and should be treated as distinct populations. Figure 6 shows directional arrows from the landmarks of the average male to the landmarks of the average female after performing a Procrustes superimposition. Males tended to have lower brow ridges, longer face heights, and slightly more prominent chins.
Arnett reported soft tissue B point and soft tissue pogonion being more protrusive in females not males relative to subnasale vertical which was only statistically significant for B point (56) . This difference in finding might be due to sampling bias since that sample was selected by one orthodontist's personal assessment of facial aesthetics.
An interesting observation was that the chin was on average about 0.5 mm ahead of the alar curvature in both males and females. Pogonion was about 9 mm behind subnasale vertical in our sample. Arnett's soft tissue analysis suggests the ideal position of the chin being 0-4 mm behind a perpendicular dropped from subnasale (56) . Most of the people in our sample would be considered retrognathic according to Arnett indicating that the public may prefer a more retrognathic chin position than what orthodontist and oral surgeon often consider 'ideal'. Figure 7 shows sample images of models considered attractive by the public with chins that were significantly behind subnasale. In fact, subnasale was a point that was relatively difficult to locate and varied tremendously with lip posture as well as nose and lip morphology. We propose using the eyes as an indication of absolute chin position and the alar curvature to describe its position relative to the nasomaxillary complex. We found that most faces considered attractive by the public had the chin located between a perpendicular to the alar curvature and a perpendicular to the posterior extension of the nostrils (Figure 7) . Our findings also show that the upper incisal edge was 8.5 mm ahead of the eyes and 15 degrees to the MC plane in females and about 10.5 mm ahead of the eyes and 20 degrees to the MC plane in males. Although the inclination of the upper incisors relative to the MC plane had a gender difference that approached statistical significance, none of the sagittal dental measurements had statistically significant difference between males and females.
In addition to the ability to compare a patient's measurements to the means and standard deviations from this sample, a visual representation of the differences can also be utilized. This can be done by adjusting the standard to eliminate size, positional, and orientation differences and using directional arrows pointing from where the patient's landarks are to where the standard's landmarks are located. The size and direction of the arrows show the direction and degree of discrepancy from the scaled standard. Figure 8A and B show the profile and frontal views of a male patient compared to the scaled landmarks of the male standard. The directional arrows show that the patient's face is generally wider and shorter than the standard. The images also demonstrate mandibular deficiency and an asymmetry that involved deviation of the chin to the left. Figure 9A and B show the profile and frontal view of a female patient compared to the landmarks of the scaled female standard. The directional arrows demonstrate that the patient has an upper lip that is held higher than the standard by incisors that are more protrusive and overerupted. It also shows an everted lower lip and a chin that is positioned more downwards and backwards relative to the standard.
Since this analysis does not pose any risk to the patient, these records can be retaken as frequently as the orthodontist feels necessary even if it is merely for documentation or evaluating progress and outcomes with no direct benefit to the patient. The palatal rugae have been shown to be individually unique and stable structures and could potentially be used for regional superimposition to display dental changes during treatment (57) .
With this technique's reliability established and standards described future research should focus on validating the technique on orthodontic patients to determine how these measurements correlate with traditional cephalometric measurements and compare treatment decisions reached with this method to those reached using traditional orthodontic records.
Conclusions
1. Inter-and intra-examiner ICC were greater than 0.8 for both landmarking and indexing. 2. With the exception of the occlusal plane which was steeper in females, no ratios or angular facial measurements showed a significant gender difference. 3. Relative to a coronal plane contacting the pupils (MC), the mean sagittal position of the alar curvature (representing the nasomaxillary complex) was 14.36 mm ± 3.08 mm in males and 12.4 mm ± 3.58 mm in females. 4. The sagittal position of soft tissue pogonion was 14.84 mm ± 3.63 mm in males and 12.78 mm ± 5.68 mm in females. The angle between these points relative to the pupils was 9 degrees in males and 10 degrees in females. 5. Relative to MC, males had more proclined upper incisors (20° versus 16°) and more retroclined lower incisors (27° versus 31°; P > 0.05). 6. A Procrustes ANOVA and permutation test showed that the shapes of males and females are different enough to be considered two different populations. 7. Validation of the proposed method and standards on an orthodontic population is necessary to determine the scope its use.
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